Soil organic matter (SOM) is important to soil function. The objectives of this work were to determine the effect of cropping rotation and soil management on SOM, components of SOM, and water-stable aggregation (WSA) of soil near the surface. Measurements were made on soil collected from the top 50 mm of seven sites representing contrasts between alternative and conventional management. Management included tillage, crop rotation, native grass pasture, and corn (Zea mays L.) stover removal as silage. At each site, approximately 10 kg of soil was collected from each replication. Soil was separated into six aggregate groups using a rotary sieve. Aggregate size ranges for Groups 1 to 6 were: <0.4, 0.4 to 0.8, 0.8 to 2, 2 to 6, 6 to 19, and >19 mm. Mean weight diameter was calculated using dry aggregate size distribution. Dry aggregate stability, WSA, soil carbon (SC), SOM, fi ne particulate organic matter (fPOM), and coarse POM were measured on aggregates from each aggregate group. Components of SOM were not uniformly distributed among aggregate groups. Average SC (seven sites) was signifi cantly greater under alternative (31.0 g kg −1 ) than conventional (22.3 g kg −1 ) management. No tillage (NT) increased fPOM/SOM by 19 and 37% compared with tillage following 4 and 10 yr of NT, respectively. A 5-yr diverse rotation increased fPOM/SOM by 36% compared with monoculture. There was a signifi cant, positive relationship (r 2 = 0.79) between WSA and fPOM/SOM. Diversity of rotation or reduction of tillage increased fPOM and WSA and this may help to curb soil loss by maintaining surface conditions resistant to erosion.
SOM (Paul et al., 2001) , and is more sensitive to changes in management than total SOM Elliott, 1992 and Cambardella et al., 2001) . Under no-tillage practices, aggregate formation was directly related to root-residue decomposition and POM dynamics (Gale et al., 2000a (Gale et al., , 2000b . In undisturbed soils, POM is derived primarily from roots (Gale et al., 2000a (Gale et al., , 2000b . New microaggregates probably form around decomposing pieces of root-derived POM inside macroaggregates (Gale et al., 2000b ). An aggregate "life cycle" was proposed by Six et al. (2000) in which aggregates form and stabilize around fi ne POM encrusted with microbial products, and eventually destabilize due to a cessation of microbial activity. Six et al. (2004) identifi ed fi ve factors (soil fauna, microorganisms, roots, inorganic soil components, and physical processes) that are important in the link between soil biotic activity, SOM decomposition and stabilization, and soil aggregate dynamics.
The quantity and quality of soil organic matter affects WSA (Tisdall and Oades, 1982) . Degens (1997) provided a review on the function of labile organic bonding and binding agents related to soil aggregation. Labile compounds, in the context used by Degens (1997) , were considered to be components of SOM that were readily decomposable and recently deposited by roots and microorganisms. Soil organic C accounted for about 70 to 90% of the variability in soil aggregate stability of a clay loam soil (Mbagwu and Bazzoffi , 1989) . Wright and Upadhyaya (1998) found a positive correlation between soil aggregate stability and glomalin (a glycoproteinaceous substance produced by arbuscular mycorrhizal fungi). Spaccini et al. (2001) , however, could not account for WSA of a forested or cultivated soil in terms of SOC levels. Johnson et al. (2004) found that crude humic acid and WSA of a Langhei clay loam increased with addition of byproducts of corn stover fermentation (70% lignin).
There is a poor understanding of the effects of soil and crop management on the composition of SOM in agricultural soils. Heat and mass transport into soil is largely governed by surface properties. Small changes in soil organic matter, brought on by soil or crop management, have been shown to have signifi cant effects on surface crusting (Pikul and Zuzel, 1994) . Research has shown that the process of decomposition under different agricultural systems results in unique chemical constituents of humic materials, and presumably, resulting soil stability. Chenu et al. (2000) found that SOM associated with clay minerals gave increased hydrophobicity, and that greater WSA could be ascribed to resistance of aggregates to slaking. Eynard et al. (2004) concluded that cultivation of Ustolls (prairie soils of central South Dakota) resulted in a decline of wettability compared with historically untilled grassland. The objectives of this study were to determine the effects of cropping rotation and soil management on SOM, components of SOM, and WSA of soil near the surface.
MATERIALS AND METHODS

Field Sites
Studies were conducted at seven sites (Table 1) . Contrasting crop or soil management practices were compared between adjacent farms or replicated fi eld plots. The term alternative management (ALT) will be used to generally group practices of NT (Sites 1 and 7), native pasture (Sites 5 and 6), or "diversifi ed rotation" (Sites 2 and 4). Site 3 was a comparison of a corn-soybean [Glycine max (L.) Merr.] rotation where corn was cut for silage or harvested for grain. The comparison treatment at each site will be called conventional management (CON) .
Sites were sampled across several years (October 2002 -June 2004 . For valid treatment comparisons within a site, however, soil collections for comparisons of ALT and CON within a site were taken at the same time. Within a site, soil-forming factors such as weather, slope, slope position, and parent material were the same. Although the timing of sampling differed among sites, work by Mikha et al. (2006) has shown that the temporal patterns exhibited for POM (within a site) were similar between contrasting managements. Of the seven fi eld sites, three were producermanaged fi elds (Sites 1, 5, and 6), and four were replicated randomized complete block experiments (Tables 1 and 2 ). Soil was collected on two adjacent farms, located about 24 km southeast of Brookings, SD, in October 2002. Crop rotation on each farm was corn-soybean. Both farms were in the same crop phase of the rotation each year. On one farm, fi elds were chiseled and disked each fall (CON). The other farm used no tillage (ALT). On the ALT farm, primary tillage was last used in 1992. Under CON, corn and soybean were row cultivated each year. The soil is a Vienna-Brookings silty clay loam complex (fi ne-silty, mixed, superactive, frigid Aquic Hapludoll and fi ne-loamy, mixed, superactive, frigid Calcic Hapludoll) on a 0.6% slope. On each farm, four replications were established at similar slope positions. Sample locations between ALT and CON farms were about 90 m apart.
Site 2
Soil was collected on replicated plot experiments located on the Eastern South Dakota Soil and Water Research Farm near Brookings, SD, in October 2002. This experiment was started in 1990. Crop rotations used for contrasting comparisons were continuous corn (CON) and an alternative management using a 4-yr (ALT) rotation of corn, soybean, spring wheat, and alfalfa (Medicago sativa L.). Primary tillage for both ALT and CON was chisel plow in the fall. The soil is a Barnes sandy clay loam (fi ne-loamy, mixed, superactive, frigid Calcic Hapludoll) on nearly level topography.
Field plot design was a randomized complete block with three replications (blocks) where main plot was rotation treatment and split plot was N treatment (Pikul et al., 2005) . All crop phases of each rotation were present every year. In the ALT rotation, spring wheat was used as a grain crop and as a companion crop to establish alfalfa in Year 3, and alfalfa was cut for hay in Year 4. Main plots were 90 m long by 30 m wide, and subplots were 30 m long by 30 m wide (three subplots per main plot). Nitrogen treatments used for contrasting comparisons were corn fertilized for a yield goal of 8.5 Mg grain ha −1 (CON) and corn not fertilized (ALT). Corn yield (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and associated agronomic measurements were reported by Pikul et al. (2005) . 
Site 3
Site 4
Soil was collected on small plot experiments near Brookings, SD, in June 2003. This experiment was designed to test the effect of a diversifi ed crop rotation under no tillage on soil properties. Plots were established in 1997 on a Barnes clay loam. The experimental design was a randomized complete block with four replications. Rotations used for contrasting comparisons were continuous corn (CON) and an alternative management using a 5-yr rotation (ALT) of corn-soybean-oat and pea hay (Avena sativa L. and Pisum sativum L.) mix companion seeded with alfalfa-alfalfa-alfalfa. Fertilizer N for corn was applied at the same rate for ALT and CON.
Site 5
Soil was collected on two adjacent farms about 20 km north of Brookings, SD, in July 2003. Land on one farm was native pasture (ALT) and land on the other farm has been under a corn-soybean rotation (CON) for many years. The CON farm used fall chisel plow. The soil is a Lanona-Swenoda (coarse-loamy, mixed, superactive, frigid Calcic Hapludolls and coarse-loamy, mixed, superactive, frigid Pachic Hapludolls) sandy loam. On each farm, four replications were established at similar slope positions. Sample locations between ALT and CON farms were about 90 m apart.
Site 6
Soil was collected on two adjacent farms about 20 km northwest of Brookings, SD, in June 2004. Land on one farm was native pasture (ALT) and land on the other farm has been * Signifi cant at the 0.05 probability level; NS = not signifi cant.
** Signifi cant at the 0.01 probability level.
*** Signifi cant at the 0.001 probability level. † One-way analysis of variance.
under a corn-soybean rotation for 25 yr (CON). The CON farm used fall chisel plow. The soil is a Barnes clay loam. On each farm, four replications were established at similar slope positions. Sample locations between ALT and CON farms were about 90 m apart.
Site 7
Soil was collected on replicated plot experiments near Brookings, SD, in June 2004. Plots were established in 2000 on a Barnes clay loam on nearly level ground. Rotation was corn-soybean and the experiment was designed to test the effect of no tillage (ALT) and conventional tillage (CON) on production of corn and soybean. The experimental design was a randomized complete block with four replications. Plots under CON were chisel plowed in the fall and seedbeds prepared in spring with a fi eld cultivator. Fertilizer application rate was the same for both ALT and CON.
Soil Collection and Aggregate Separation
For determining properties of soil aggregates, approximately 10 kg of soil was collected from the surface 50 mm of each replication at each fi eld site (Table 1) . On sites with crops, the soil was collected from in-row positions. On sites under pasture, the surface sample was broken by hand to remove soil from the sod. Typically, we took soil from six locations within each replicate (randomly collected and bulked to collect 10 kg). After collection, the samples were spread in thin layers on greenhouse benches to air dry.
Dry aggregate size distribution (DASD) was determined by separating soil into six aggregate groups using a rotary sieve (Chepil, 1962) and measuring the mass of soil within each group. Aggregate size ranges for Groups 1 to 6 were: <0.4, 0.4 to 0.8, 0.8 to 2, 2 to 6, 6 to 19, and >19 mm. Mean weight diameter (MWD) was calculated using the mass fraction of dry aggregates and particle diameter of aggregates in each of the six size groups (Kemper and Rosenau, 1986) . Particle diameters used for this calculation were 0.42, 0.63, 1.42, 4.2, 12.8, and 19.2 mm for Groups 1, 2, 3, 4, 5, and 6, respectively.
Subsamples of soil from each aggregate group were further processed to meet specifi c sample preparation criteria appropriate to the measurement being made.
Soil Analysis Dry Aggregate Stability
Dry aggregate stability (DAS) was estimated by running individual aggregate groups through the sieve a second time and measuring the change in mass of soil material in each aggregate group after the second run. This estimate is closely related to susceptibility of the soil to wind erosion (Chepil, 1951) . A loss of mass from one group indicates aggregate breakdown into smaller size groups (the sum of increases and losses across aggregate groups is approximately zero). An increase of soil material in the fi ner sized groups (aggregates <0.84 mm) shows the predisposition of a particular soil to fracture into aggregate sizes that are erodible by wind (<0.84 mm). The erodible fraction (EF) is defi ned as the mass fraction of soil <0.84 mm in diameter, and this parameter has been related to soil wind erodibility (Merrill et al., 1999) .
Water-Stable Aggregation
Water stability of dry aggregates was measured using the sieving procedure described by Kemper and Rosenau (1986) . Screen size (sieve opening) on our apparatus was 0.71 mm. Tests were conducted on about 4 g of dry aggregates from Groups 2, 3, and 4. The size range of aggregates tested from Group 2 was 0.7 to 0.84 mm. Because of the large size of aggregates in Group 5 (6-19 mm), we visually selected about 7 g of aggregates that were approximately 10 mm in size (approximate mean diameter for Group 5), and these aggregates were placed on the screen without crowding. All tests were run for 5 min. Water-stable aggregation was expressed as the percentage of soil remaining on the sieve after 5 min relative to the initial mass of soil used for the test. Stability calculations were corrected for sand content by subtracting the mass of sand remaining on the sieve from the initial soil mass and the mass of soil remaining on sieve after 5 min.
Particulate Soil Organic Matter
Particulate soil organic matter consists of insoluble plant debris (mostly roots) and this material was separated from the soil by dispersion and sieving. The quantity of POM was measured by weight loss on ignition (LOI); these methods have been described by Cambardella et al. (2001) and Gajda et al. (2001) . Cambardella et al. (2001) tested two temperature and time treatment combinations to overcome errors associated with the presence of hydrated clays, salts, and gypsum. They recommended an ignition temperature of 450°C for 4 h and 30-and 10-g samples for POM and SOM, respectively. We chose to follow this procedure as other investigators have Mikha et al., 2006) .
Soil in Groups 4, 5, and 6 was crushed and passed through a 2-mm sieve. Visible plant residues were picked out before crushing the samples. Soil in all aggregate groups was dispersed in sodium hexametaphosphate for 24 h, stirred with a malt mixer for 5 min, and transferred to a set of nested sieves having mesh sizes of 0.5 and 0.053 mm. Organic matter remaining on the 0.5-mm sieve was termed coarse POM (cPOM) and had a size range of 0.5 to 2.0 mm. Organic matter retained on the 0.053-mm sieve was called fi ne POM (fPOM) and had a size range of 0.053 to 0.5 mm. Material on each sieve was transferred to aluminum weigh pans, and the mass of POM was determined by LOI.
Soil organic matter of whole soil was measured using LOI Gajda et al., 2001 ). The quantity of fPOM and cPOM within each aggregate group was expressed as a percentage of the quantity of SOM within each aggregate group (fPOM/SOM and cPOM/SOM).
Soil Carbon
Total C of the soil in Groups 1 to 6 was measured by combustion using a LECO CN 2000 analyzer (Leco Corp., St Joseph, MI), and reported as SC. All samples were ground on a roller mill and passed through a 0.5-mm sieve before analysis. Aggregates from Groups 4, 5, and 6 were crushed before roller-mill processing. In all steps and for all aggregate groups, visible pieces of crop residue were removed before the roller-mill process. For noncalcareous soils, SC can be considered to be organic C (Nelson and Sommers, 1982) . We did not pretreat (Nelson and Sommers, 1982) our samples to remove carbonates before dry combustion, but did test for the presence of inorganic C (Nelson and Sommers, 1982) in those samples having a pH ≥7.0. Generally, the pH values for calcareous soils are within a range of 7.5 to 8.5 (Loeppert and Suarez, 1996) .
Statistical Analysis
Statistical comparisons for differences in DASD and DAS between treatments at each site were made using one-way analysis of variance within each aggregate group (Minitab 14, Minitab Inc., State College, PA). Values for DASD and DAS are not normally distributed across aggregate groups. The summation of values (across Groups 1-6) is approximately 100% for DASD and zero for DAS. Treatment factors (ALT or CON) were considered fi xed effects. Blocks were treated as random effects. Effects were considered signifi cant for P ≤ 0.05.
A two-way analysis of variance and Fisher's protected LSD tests were performed for management treatment (ALT vs. CON) and aggregate group (1-6) on SC, SOM, fPOM/SOM, cPOM/SOM, and WSA for each site using the GLM procedure in SAS (SAS Institute, 1999) .
A two-way analysis (across all sites and sieve groups) was used to determine signifi cant differences between treatments (ALT or CON) and aggregate size classes (1-6) for SC, SOM, fPOM/SOM, cPOM/ SOM and WSA. This analysis was performed using the Mixed procedure in SAS (SAS Institute, 1999) .
Linear regression (Minitab 14) was used to identify those soil properties important to the prediction of water stability.
RESULTS AND DISCUSSION
Soil Aggregate Properties Dry Aggregates
The mass of aggregates within different aggregate groups differed among treatments at some sites (Table 3) ; however, there were two sites (Sites 4 and 7) where there were no differences between treatments in the mass of aggregates within any aggregate group. The mass of soil in the two smallest aggregate groups (Table 3 , Groups 1 and 2) comprise a portion of the DASD termed EF. Merrill et al. (1999) Table 2 , indicate soil with greater wind erosion potential than a comparable soil with a smaller value. For fi ve of the seven sites, there was a greater mass of soil in the EF under CON than ALT (Table 2) .
There was a signifi cant relationship between MWD and EF such that EF decreased as MWD increased (EF = 509 − 33.3 MWD, R 2 = 72.7%). Across all seven sites there was a signifi cant (P = 0.038) effect of treatment on EF. Average EF under ALT was 162 g kg −1 and average EF under CON was 252 g kg −1 (averages not shown in Table 2 ). Across all sites, however, there was no signifi cant effect of treatment on MWD. Average MWD under ALT was 9.8 mm and average MWD under CON was 8.3 mm (averages not shown in Table 2 ).
For six of the seven sites, we found differences in dry aggregate stability between treatments (Table 4 ). In Table 4 , a negative sign indicates a loss of soil mass within an aggregate group (typically, Groups 5 and 6). Loss of soil from Groups 5 and 6 is roughly balanced by a gain in soil mass within Groups 1 to 4. An increase in soil mass in Groups 1 or 2 (EF) on second sieving is interpreted as an undesirable soil trait. As shown by the change in mass on second sieving, aggregates from ALT treatments ( ** Signifi cant at the 0.01 probability level. *** Signifi cant at the 0.001 probability level. † One-way analysis of variance. 4) had less tendency, when compared with CON, to break down into sizes that would be considered as EF. We speculate that the tendency for fewer small aggregates under alternative management may be explained by the accumulation of aggregate binding (and bonding) agents such as root biomass (Mamo and Bubenzer, 2001 ) and root exudates (Gale et al., 2000a (Gale et al., , 2000b . Further, under systems with tillage, new aggregation would be disrupted during annual fall tillage.
Soil Carbon
For most sites and treatments, the greatest concentration of SC was found in aggregates from Groups 3 and 4. We are uncertain why this is the case, but the fi nding is (generally) true across all sites. Table 5 provides separation of means in a two-way ANOVA for SC by treatment and sieve within each site. Across all seven sites, we found signifi cant (P = 0.0045) differences in SC among aggregates of Groups 1 to 6. Average (sites and treatments) SC was 25.0, 25.6, 29.8, 27.5, 26.5, and 25.8 g kg −1 for aggregates of Groups 1, 2, 3, 4, 5, and 6, respectively.
Average SC across all seven sites was significantly (P < 0.0001) greater under ALT (31.0 g kg −1 ) than CON (22.3 g kg −1 ). There was no signifi cant treatment × sieve interaction. The greatest differences in SC between ALT and CON management were at Sites 5 and 6 where native pasture was compared with corn-soybean under tillage (Table 5) . Of the seven sites (14 experimental units), the ALT management plots at Site 6 exhibited the highest pH value (Table 2 ). This soil (ALT, Site 6) effervesced with HCl (Nelson and Sommers, 1982) , confi rming the presence of appreciable carbonates. Consequently, SC under ALT at Site 6 cannot be considered as only organic C (Nelson and Sommers, 1982) . Average SC was 137% greater under ALT at Site 5 and 100% greater under ALT at Site 6 compared with CON. Our fi ndings of greater SC under native pasture are consistent with the observations of others (Campbell and Souster, 1982; Monreal and Janzen, 1993; Allmaras et al., 2000) .
At two sites we compared SC in the top 50 mm for no tillage (ALT) and conservation tillage (CON) corn-soybean rotations (Table 5 , Sites 1 and 7). There was only a 2% difference (not signifi cant) in SC between ALT and CON following 4 yr of no tillage (Site 7). Following 10 yr of no tillage at site 1 (Table 5 , Site 1), however, SC was signifi cantly (P < 0.001) greater (7% under ALT compared with CON). West and Post (2002) analyzed C sequestration rates under 67 long-term experiments and concluded that a change from conventional to no tillage resulted in increased C sequestration and that most of the increase in C sequestration occurred in the fi rst 10 yr following the change.
Across all sites, we found signifi cantly (P < 0.0001) greater SOM under ALT than CON. Individual sites are shown in Table 6 . Average (all sites and sieve groups) SOM in the top 50 mm was 82.1 and 66.4 g kg −1 under ALT and CON, respectively. Across seven sites, we found signifi cant (P = 0.0007) differences in SOM * Signifi cant at the 0.05 probability level; NS = not signifi cant.
*** Signifi cant at the 0.001 probability level. † Means followed by different lowercase letters (ALT or CON) are signifi cantly different (P ≤ 0.05). Means followed by different uppercase letters (aggregate group) are signifi cantly different (P ≤0.05).
among aggregates of Groups 1 to 6. Average (sites and treatments) SOM was 69.6, 70.9, 79.1, 78.6, 74.0, and 73 .4 g kg −1 for aggregates of Groups 1, 2, 3, 4, 5, and 6, respectively. There was no signifi cant treatment × sieve interaction, and there was a strong relationship (r 2 = 0.79) between SC and SOM (SC = 0.46 SOM − 6.88, scatter diagram not shown). This relationship was almost identical to the fi ndings of Varvel et al. (2002) for a silty clay loam near Mead, NE, where SOM was found to be 45% C. Cambardella et al. (2001) found that SOM was approximately 53% C and Mikha et al. (2006) found that SOM by LOI represented 40% of SC. In our case, SOM by LOI represented 46% of SC.
Particulate Organic Matter and Water-Stable Aggregation
Because POM has been shown to be a labile fraction of SOM (Paul et al., 2001, Cambardella and Elliott, 1992) , it is expressed as a percentage of SOM mass rather than as a fraction of soil mass for each aggregate group. Across sites, we found a signifi cantly (P < 0.0001) greater percentage of fPOM/SOM under ALT than CON (data analysis not shown). Average (all sites and sieve groups) fPOM/SOM under ALT was 16.9% compared with 10.0% under CON. If native pasture sites (Sites 5 and 6) are excluded, then the average fPOM/SOM would be 10.6% under ALT and 8.6% under CON. Coarse POM/SOM was not significantly different (averaged across all sites and sieve groups) between ALT (3.5%) and CON (3.6%). Across sites, we found signifi cant (P < 0.0001) differences in the percentage of fPOM/SOM among aggregates of Groups 1 to 6. Average (all sites and treatments) fPOM/SOM was 17.0, 13.5, 12.9, 12.8, 12.6, and 11.8% for aggregates of Groups 1, 2, 3, 4, 5, and 6, respectively. There was no signifi cant treatment × sieve interaction. Gajda et al. (2001) evaluated alternative and conventional farming practices at fi ve locations in the northern Great Plains and also found that fPOM comprised a greater fraction of total POM than cPOM. Mikha et al. (2006) reported temporal dynamics in POM collected at eight locations in the Great Plains during 4 yr. Mikha et al. (2006) found that the temporal pattern exhibited by POM (reported as a percentage of SOM) was similar between contrasting managements at each site. They (Mikha et al., 2006) suggest that a factor, possibly weather, was affecting POM similarly in both treatments. Further, they (Mikha et al., 2006 ) concluded that Table 6 . Analysis of variance of soil organic matter in the top 50 mm of seven sites under alternative (ALT) or conventional (CON) management treatments. Aggregate size ranges for Groups 1 to 6 were: <0.4, 0.4 to 0.8, 0.8 to 2, 2 to 6, 6 to 19, and >19 mm.
Site and management
Aggregate group Average 1 2 3 4 5 6 * Signifi cant at the 0.05 probability level; NS = not signifi cant.
*** Signifi cant at the 0.001 probability level. † Means followed by different lowercase letters (ALT or CON) are signifi cantly different (P ≤ 0.05). Means followed by different uppercase letters (aggregate group) are signifi cantly different (P ≤ 0.05).
temporal responses in POM mirrored that of SOM, suggesting that POM is the component of SOM sensitive to management. Mikha et al. (2006) also used the convention of expressing POM as a ratio to SOM rather than as a ratio to bulk soil. The greatest differences in fPOM/SOM between ALT and CON were at Sites 5 and 6, where native pasture (ALT) was compared with corn-soybean under tillage. Fine POM/SOM and cPOM/SOM for individual sites are shown in Tables 7 and 8 . The native pastures at Sites 5 and 6 also had the greatest concentration of fPOM compared with all other sites and treatments. Average fPOM/SOM was 106% greater under ALT at Site 5 and 167% greater under ALT at Site 6 compared with CON (Table 7) . Gale et al. (2000a Gale et al. ( , 2000b found clear differences in the partitioning of surface-residue-and root-derived C during decomposition and suggested that the benefi cial effects of no tillage on soil organic C accrual are primarily due to the increased retention of root-derived C in the soil.
Across all sites we found signifi cantly (P < 0.0001) greater WSA under ALT than CON. Average (all sites and Groups 2, 3, 4, and 5) WSA was 45.5% under ALT and 24.3% under CON. Across sites we found signifi cant (P < 0.0001) differences in WSA among aggregates of Groups 2 to 5. Average (sites and treatments) WSA was 26, 24.9, 32.2, and 56.7% for aggregates of Groups 2, 3, 4, and 5, respectively. When averaged across sites, there was no signifi cant treatment × sieve interaction.
Generally, WSA increased with aggregate size for all locations ( Table 9 ). The greatest differences in WSA between ALT and CON were at Sites 5 and 6, where native pasture (ALT) was compared with corn-soybean under tillage (CON). Linear regression was used to investigate the single best predictor of WSA among the soil parameters of fPOM/SOM, fPOM, POM, POM/SOM, SC, SOM, cPOM, and cPOM/SOM (measurements common to all sites). For the seven sites, the best single predictor of WSA was the ratio of fPOM/SOM (r 2 = 0.79, regression P = 0.001). Values of r 2 for fPOM, POM, POM/SOM, SC, SOM, cPOM, and cPOM/SOM were 0. 68, 0.66, 0.59, 0.49, 0.36, 0.03, and 0, respectively. The relationship of WSA to fPOM/SOM is shown in Fig. 1 for aggregates of Groups 2, 3, and 4 for all sites. The water stability of aggregates from Group 5 was not included in this regression analysis (WSA of soil from Group 5 is shown in Fig. 1 as open symbols) . Data points tend to be clustered in two groups around fPOM/SOM values of approximately 10 and 30% Those points clustered around 30% are Table 7 . Analysis of variance for the ratio of fi ne (0.05-0.50 mm) particulate organic matter to soil organic matter in soil (top 50 mm) from seven sites under alternative (ALT) or conventional (CON) management treatments. Aggregate size ranges for Groups 1 to 6 were: <0.4, 0.4 to 0.8, 0.8 to 2, 2 to 6, 6 to 19, and >19 mm.
Aggregate group
Average † 1 2 3 4 5 6 Fig. 1 ) departed from the linear relation Table 8 . Analysis of variance for the ratio of coarse (0.5-2.0 mm) particulate organic matter to soil organic matter in soil (top 50 mm) from seven sites under alternative (ALT) or conventional (CON) management treatments. Aggregate size ranges for Groups 1 to 6 were: <0.4, 0.4 to 0.8, 0.8 to 2, 2 to 6, 6 to 19, and >19 mm.
Site and management
Aggregate group 1 2 3 4 5 6 Average ** Signifi cant at the 0.01 probability level.
*** Signifi cant at the 0.001 probability level. † Means followed by different lowercase letters (ALT or CON) are signifi cantly different (P ≤ 0.05). Means followed by different uppercase letters (aggregate group) are signifi cantly different (P ≤ 0.05). ** Signifi cant at the 0.01 probability level.
of WSA to fPOM/SOM exhibited by aggregates of Groups 2, 3, and 4. The water stability of aggregates from Group 5 ranged from 9% under CON at Site 7 (Table 9) to 99% under ALT at Site 5, and fPOM/SOM ranged from 6% under ALT at Site 2 (Table 7) to 31% under ALT at site 5. We speculate that the stability of Group 5 aggregates might be related to factors in addition to fPOM/SOM. It is possible that binding agents (hyphae and roots) and fungal exudates such as polysaccharides and glomalin (Wright and Upadhyaya, 1996; Wright et al., 1999) improve the stability of these larger aggregates. These organic compounds may impart some degree of water repellency, thereby improving WSA (Eynard et al., 2004; Degens, 1997) .
CONCLUSIONS
In northern subhumid regions of the Great Plains, wind and water erosion are persistent problems. Soil conservation practices that improve soil aggregate stability also help retard soil loss by maintaining soil structure and surface conditions resistant to erosion. Under NT, signifi cant accumulations of fPOM in the top 50 mm occurred during short periods of time. Fine POM/ SOM in a corn-soybean rotation was 19% greater under NT than conventional tillage after only 4 yr. In another corn-soybean rotation following 10 yr of NT, fPOM/SOM was 37% greater under NT than conventional tillage. For comparisons of crop rotations under NT, we found that fPOM/SOM was 36% greater in a 5-yr rotation than with continuous corn. The greatest concentrations of fPOM/SOM were found in the undisturbed soils of native pastures.
Our results show signifi cant differences in SOM components as a result of crop and soil management. Systems that used less tillage or more diverse crop rotations (alternative practices) had greater fPOM/SOM than conventional tillage and monoculture (conventional practices). Because POM has been shown to be a labile fraction of SOM, we conclude that the soil environment under ALT is either less conducive to microbial transformation of POM or highly conducive to new POM deposition (for example, through plant root systems that remain undisturbed by tillage). Importantly, we show a relationship between fPOM/SOM and WSA that was consistent across a broad spectrum of soil, soil management, and cropping practices; as fPOM/SOM increased, WSA increased. 
